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RCEU Summer 2016 Project Proposal
Title: Polarimetric Radar Analysis of Mesovortices Produced by a Midwestern Quasi-Linear Convective
System
Faculty Mentor:

Dr. Kevin Knupp, Department of Atmospheric Science
Office: SWIRLL 215, e-mail: kevin.knupp@uah.edu, phone: 256-824-7947

Project Summary:
A significant outbreak of severe thunderstorms impacted portions of northern Illinois and northern
Indiana between the late afternoon hours of 30 June and the predawn hours of 1 July 2014. This severe weather
outbreak consisted of two quasi-linear convective systems (QLCSs), or organized bands of convection that take
on a nearly-linear radar appearance. The second QLCS developed directly behind the first and was notable for
producing at least 39 mesovortices, small-scale circulations embedded within or along the leading edges of
QLCSs, that may produce enhanced wind damage and/or tornadoes. These mesovortices initiated 29 confirmed
tornadoes, with numerous additional tornadoes suspected, along with damaging winds estimated to have
exceeded 100 MPH (Figure 1).
Dual-polarization radar, now deployed across the country by the National Weather Service (NWS), has
been shown in past work to serve as a useful utility in severe weather detection. Data from polarimetric radars
are often useful in detecting tornado debris as well as precipitation microphysical properties linked to stormrelative inflow and related storm-scale processes important to severe weather and tornado production. Past
work, however, has been rather limited on the development of these polarimetric signatures in QLCS-produced
tornadoes and their parent mesovortices. This relative dearth of knowledge on QLCS tornadoes is largely
attributed to a research bias on supercell thunderstorms (storms that exhibit rotating updrafts) that are common
research targets over the Great Plains.
This project will utilize National Weather Service (NWS) radar data across northern Illinois and
northern Indiana to analyze the evolution of polarimetric signatures during the second 30 June – 1 July 2014
QLCS. The student will perform a detailed analysis of the evolution of these mesovortices and their
polarimetric signatures. Comparisons will be drawn between non-tornadic and tornadic mesovortices, small
versus large diameter mesovortices, deep versus shallow mesovortices, and other distinctions. These data will
be compared to past results from the limited studies performed on polarimetric signatures of QLCS tornadoes
over northern Alabama and other regions.

Figure 1: Radar image of the QLCS as it moved across the Illinois/Indiana state line, and examples of damage observed
from one of the mesovortices. Pictures taken by Anthony Lyza (UAH-SWIRLL) and Richard Castro (NWS Chicago).

Student Prerequisites
The student should (a) be of sophomore standing or higher, and (b) have completed ESS 112 (Severe and
Hazardous Weather) and ESS 301 (Intro to Earth & Atmos Science). The ideal candidate will have class or
work experience using the GR2Analyst software to perform initial radar analyses on quasi-linear convective
systems, and should have participated in UAH SWIRLL severe weather research operations.
Student Duties
In order to ensure sound deliverables from this project, a structured, three-phase approach will be
employed. The project phases are divided into two-week, four-week, and six-week increments as follows.
Phase 1: The first two weeks of the project will focus on developing the student’s background on QLCSs,
tornadoes, and polarimetric radar. This development will be accomplished through a focused, intensive review
of published papers on QLCSs and polarimetric signatures of tornadoes. The reviewed literature will offer
insight into a variety of topics related to this case. This component will culminate with a summary presentation
of pertinent literature to members of Knupp’s research group, including graduate student mentors. [2 weeks]
Phase 2: The next four weeks of the project will focus on building skills necessary to accomplish radar
meteorology research. These skills include dealiasing of radar data, removing multiple trip radar echoes and
ground clutter contamination, and gridding the polar coordinate radar data to a Cartesian coordinate plane. To
accomplish these tasks, the student will become familiar with several software tools common to radar
meteorology. The student will learn how to access radar data from the National Centers for Environmental
Information (NCEI) and convert it using the National Center for Atmospheric Research’s (NCAR) Radx
software package. Dealiasing and editing of radar data will be performed in NCAR’s SOLO3 software, while
data will be gridded to a Cartesian plane using REORDER software. [4 weeks]
Phase 3: The remaining six weeks of the project will focus on analysis of the quality-controlled radar dataset.
This analysis will include the inspection of polarimetric tornado debris signature (TDS) properties observed
during the event, including TDS depth, diameter, and comparison to velocity data retrieved by the Doppler
radars. Comparisons of these TDS characteristics to ground damage survey or damage report information will
be performed. Additionally, observations of any differential reflectivity arc (ZDR arc), specific differential
phase (KDP), or ZDR/KDP separation signatures will be analyzed, with particular emphasis on comparisons of
differences between mesovortex signatures. [6 weeks]
The student will gain an appreciable insight into recent advancements in radar meteorology through this
project. He or she will gain experience with state-of-the-art tools to quality control and analyze radar data.
Upon completion of the project, the student will present his or her work to at least one NWS forecast office in
order to demonstrate the process of transitioning research to forecasting operations. Additionally, the student
will be encouraged to gain presentation experience through both the Von Braun Research Symposium and
potentially the 2016 Severe Local Storms Conference. Finally, this work will be folded into a larger-scale
project centering on this case, which will result in the student being included as coauthor on one or more peerreviewed publications.
Mentor Supervision and Interaction
Dr. Kevin Knupp, as well as an experienced senior PhD student from Dr Knupp’s research group, will
supervise the student for the duration of the project. The PhD student mentor will meet up to several times per
week with the student to ensure development of a solid foundation of background knowledge on the subject
matter, ability to use the necessary tools for this project, and satisfactory progress in achieving the project goals
stated above. The RCEU student will attend Dr. Knupp’s bi-weekly research group meetings to allow the
student to interact with other research group members, thereby benefiting from the availability of multiple “goto” experts on polarimetric radar analysis. Additionally, the student will be stationed for the summer in the
UAH SWIRLL Research Operations Center with other RCEU / REU students from the Carey, Bitzer, and Wade
research groups. These RCEU / REU students will interact with one another, participate in group radar training
sessions, attend seminar talks, and participate in other planned group team building exercises.	
  

